The importance and significance of chemical configuration, and its influence on antigenic specificity is well established. It has been amply demonstrated on serological grounds that a complex antigen such as the typhoid bacillus can give rise to more than one distinct antibody. Nevertheless little is known of differences in physicalchemical properties of antibodies in relation to their corresponding antigens? Present day evidence indicates that antibodies are probably modified globulins. The surface properties of bacteria maximally sensitized with immune sera approximate those of the sensitizing substance which is deposited upon the antigen surface from the immune serum. The properties of the sensitized surface are similar in many ways to the properties of a surface deposit of globulin.
approximating zero over a wide range of pH and salt content of the medium. The rough form has a relatively hydrophobic surface, and its mobility is dependent both upon the pH and the ionic strength of the suspending medium. Mudd and Joffe (1933) found that the isoelectric points of nonflagellated smooth strains of intestinal bacteria maximally sensitized with homologous immune rabbit sera were approximately pH 5.0. Preliminary experiments heretofore unpublished seemed to indicate that the rough form, in spite of its extremely acid surface, when maximally sensitized with homologous immune serum was isoelectric at a pH higher than 5.0. The properties of these intestinal strains after sensitization might indicate that antibodies differ in their capacity to react with acid or base under the same conditions, and that the pH of the isoelectric point of the antibody would be influenced by the antigen surface upon which it may be supposed to have been formed, and subsequently upon which it was deposited (Breinl and Haurowitz, 1930; Mudd, 1933) .
The present experiments were undertaken, therefore, in order to determine whether the S and R variants of a single bacterial strain could give rise to antibodies, which when deposited on the homologous bacterial surface had different isoelectric points and electrokinetic potentials.
EXPERIMENTAL
Bacteria Used.--In order to avoid any possible confusion wMch might arise from the use of mixed cultures of rough and smooth forms, single cell cultures were used. These were obtained from the stock strains of Bact. typkosum 0 901 S and O 901 R in each case by three successive single cell isolations, by Mr. H. E. Morton, to whom I am gre/ttly indebted. The bacteria were grown in broth of pH 7.0. 18 to 20 hour cultures were then killed by incubating with 0.5 per cent HCHO solution for 24 to 48 hours, or by heat at 56 ° for ~ hour. When sterile the bacteria were washed in 0.85 per cent NaC1 twice. Such a suspension was used both for immunization and for testing.
Immunization of the Rabblts.--Rabbit sera were used throughout. Each rabbit was bled from the marginal ear vein on the day previous to the first injection. The sera thus obtained were tested for agglutinins for the rough and smooth forms. The rabbits were divided into two groups, one group placed on treatment with strain O 901 S and the other with strain O 901 R. The equivalent of 0.2 cc. of broth culture was inoculated intravenously into each rabbit on the 1st, 3rd, and 5th days of each week. Bleedings from the ear were made on the 7th day. 2 At intervals the animals were allowed a week without infections.
Sensitization by Serum.--The sera used were inactivated by heat in a 56°C.
water bath for 30 minutes. Only sera in which virtually no hemolysis had occurred were used. All dilutions of antiserum were made with 0.85 per cent NaCI unless otherwise specified. Given volumes of bacterial suspension were p mixed with equal volumes of dilutions of antiserum. The tubes containing the smooth bacterium as antigen were incubated for 2 hours at 37°C., and placed in the refrigerator overnight. Agglutination was read in the morning. The tubes containing the rough variant as antigen were incubated at 56°C. Agglutination readings were made at intervals, until a maximum was reached, before agglutination of the control tubes occurred. 3 They were then refrigerated.
After refrigeration, all tubes were centrifuged until virtually complete sedimentation had taken place. The supernatant fluids were decanted and the sediments shaken up in 3 ml. each of 0.85 per cent NaC1. All tubes were again centrifuged, the supernatants decanted, and the sediment shaken up.
Electrophoresis and Estimation of Isoelectric
Polnts.--Electrophoresis measurements were made in the manner described in the previous paper. 0.02 M sodium acetate-acetic acid buffers of constant ionic strength were made up so that successive members of the series differed by 0.3 pH unit. Two successive buffers were found in one of which the particles migrated to the anode, and in the other to the cathode. The isoelectric point was then estimated from the relative mean velocities at the two pH values, pH values were checked by a quinhydrone electrode, using as a reference standard a pH of 1.08 for 0.1 N HC1. When necessary S~r-ensen's phosphate and Clark and Lubs phthalate buffer mixtures were used, in suitable concentration.
Agglutination tests and isoelectric point determinations were made on the sera obtained each week. Each serum was caused to react with its homologous antigen, and where possible with the heterologous antigen.
Glassware.--All glassware was chemically cleaned with sulfuric acid potassium dichromate solution and washed in water and distilled water very thoroughly.
I~ESULTS
The essential results are shown in Fig. 1 and in Table I . The smooth form of 0 901 S had little or no F-potential in any buffer studied.
Thanks are due Mr. David Lackman for technical assistance. 3 The temperatures used for accelerating flocculation were used for convenience. "Rough" agglutinations can be most easily read at 56 ° in the manner described. Within the period measured, the difference in temperature between 56 ° and 37 ° probably has very little effect on the pH of the isoelectric point, and when the smooth variant was sensitized at 56 ° (see p. 624) the iSoelectric points obtained were s~milar to those obtained when the same sera were used to sensitize at 37 °. Sensitization with immune serum conferred upon it a definite mobility, from which an isoelectric point was determined. This isoelectric point, then, an over-all measurement, was due to a deposition of antibody on the bacterial surface, and was dependent upon the antibody alone. In the case of the rough form, whose surface was very acid, addition of more immune serum could the isoelectric point be considered as that of the surface deposit.
When rabbits were immunized with the smooth form, the agglutination titer for the smooth form of the sera obtained at weekly intervals rose rapidly, reaching a maximum at or before the 28th day. The isoelectric point of the bacteria, maximally sensitized, about pH 4.8 on the 7th day, rose gradually beyond the 56th day. It reached a value of pH 5.3 at that time.
When rabbits were immunized with the rough form, the homologous ~gglutination titer of the serum obtained at weekly intervals rose more slowly at first; it reached a maximum at about the same time as the titer for the sera against the smooth form. The isoelectric point of the rough form sensitized with normal serum was about pH 5.0 to 5.1. After the 1st week of immunization there was a slight drop, after which there was a steady, rapid shift of isoelectric points to the alkaline side. Until the 35th day there was no great difference between the rough variant and the smooth variant maximally sensitized with homologous antisera. After the 35th day the maximally sensitized rough form had a distinctly more alkaline isoelectric point; it reached a value of pH 5.6 on the 56th day, and the exceedingly high value pH of 5.9 on the 70th day.
Thus two antisera prepared from the same complex antigen, may have the same agglutination titer, whereas the surface properties of the antibodies, when deposited upon the homologous bacterial surfaces, may be very different.
The smooth form and the rough form cross-reacted to about the same degree. Maximum agglutination titer in cross-reaction was usually at a serum dilution of 1: 256. Occasionally agglutination at a dilution of 1:1024 was observed. The isoelectric point of the smooth form maximally sensitized with rough serum rose from a value of pH 4.8 on the 14th day to about pH 5.1 on the 56th day and slightly more than pH 5.2 on the 70th day. The rough form maximally sensitized with smooth antiserum had a rather steady value of pH 5.0 until the 56th day. This may have been due to incomplete saturation with antibody of acid groups on the surface of the bacterium.
In Fig. 2 are plotted the isoelectric points of the rough and smooth forms sensitized with increasing concentrations of the homologous .,._I
• Ikx:t. typhosurn 0901R o 15aet. typnozum 090}.
Fro. 2. The R and S variants of Bact. typhosum 0 901 were sensitized with increasing concentrations of homologous immune sera. Curve I, Serum 392, drawn 70th day of immunization; Curve II, Serum 397, drawn 63rd day; Curve III, Serum 201, drawn 91st day; Curve IV, Serum 203, drawn 63rd day. difference in the general shape of the curves of the sensitized rough and smooth forms. The flatness of the curve of the smooth form would seem to indicate that the major factor in determining the isoelectric point is the surface deposit of antibody. On the other hand, the steep slope of the curve of the sensitized rough form at higher dilutions of serum would seem to indicate the definite influence, in this region of the curve at least, of the underlying electronegative bacterial surface. The difference between the isoelectric points of maximally sensitized rough and smooth forms is of still greater significance when one considers that the more acid surface of the rough variants, when maximally sensitized with homologous antiserum, is more alkaline than the inert surface of the smooth form sensitized with its homologous antiserum. strains), over a long period of time, previous to the beginning of the control experiments herein reported. When obtained these data were very confusing. In the light of the present experiments, however, the data seem to be intelligible.
Dilution of PIomolos0uo An~ioerum
In Fig. 4 are plotted the electrophoretic mobilities at decreasing values of pH of the rough and smooth forms maximally sensitized with homologous antisera. The bacteria were sensitized in individual tubes, and incubated at 56°C. for 1 hour (at which time they were agglutinated). They were then refrigerated, centrifuged, washed, and resuspended as homogeneously as possible in ~/50 buffer solutions. They were then incubated at 56°C. for 2 hours and refrigerated overnight.
Two anti-smooth sera and two anti-rough sera were used. They were chosen so that they were drawn from animals which had received approximately the same amount of vaccine treatment. In the figure drawn the sera were obtained at the end of the immunizing period. The isoelectric points differ by 0.4 to 0.5 pH and the curves of mobility differ throughout the range of pH studied. R, over a long period. Homologous and heterologous strains were sensitized with sera obtained from weekly bleedings. Agglutination titer was recorded, and the isoelectric points of the bacteria maximally sensitized were determined.
2. 0 901 S maximally sensitized with homologous immune serum had isoelectric points which became more alkaline as immunization progressed, covering a range of pH 4.8 to 5.5.
3. Strain 0 901 R maximally sensitized with homologous immune serum had isoelectric points which became more alkaline as immunization progressed, covering the range of pi.i 5.0 to 5.9.
4. Both 0 901 S and 0 901 R maximally sensitized with heterologous serum had isoelectric points lower than when sensitized with homologous serum.
5. The isoelectric points of both forms sensitized with increasing concentrations of homologous immune serum were determined. Increasing concentrations of homologous immune serum shifted the isoelectric point of 0 901 R from less than 2.2 for the unsensitized bacteria progressively to the alkaline side until the maximum values previously mentioned were reached. Increasing concentrations of homologous immune serum conferred upon 0 901 S isoelectric points which became only slightly more alkaline in maximal sensitization.
6. The electrophoretic mobilities of 0 901 S and 0 901 R, in each case maximally sensitized with homologous hyperimmune serum, were found to differ significantly over the whole range of pH studied.
CONCLUSIONS

